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(57) ABSTRACT 

A system (SYS) for optically transmitting information, e.g., 
television signals, from a subcenter (HUB), e.g., a cable 
television head end, over a passive optical distribution 
network to a plurality of optical network units (ONU) 
includes a plurality of nodes (Kl, . . . , Km) for optically 
transmitting further information, e.g., telephone signals, and 
a plurality of optical couplers (CI, C2). The farther infor- 
mation of each node (Kl, . . . , Km) is fed via a respective 
coupler (CI, C2) into a transmission line connected to only 
part of the plurality of optical network units (ONU), e.g., to 
only one optical network unit (ONU). Each optical network 
unit (ONU) is connected to a group of customer locations 
(END) and, for the transmission of information from this 
group of customer locations (END), via a further passive 
optical distribution network to a node (Kl, . . . , Km). Each 
node (Kl, . . . , Km,) includes means for separating the 
information received from the customer locations into, e.g., 
interactive request signals and telephone signals. The inter- 
active request signals are routed to the subcenter (HUB), and 
the telephone signals to a telephone network (NhT). 

12 Claims, 3 Drawing Sheets 



10/30/2003, EAST Version: 1.4.1 



10/30/2003, EAST Version: 1.4.1 


U.S. Patent Dec. 3, 2002 Sheet 2 of 3 


US 6,490,065 B2 



10/30/2003, EAST Version: 1.4.1 


U.S. Patent Dec. 3, 2002 Sheet 3 of 3 US 6,490,065 B2 


0NU1n 


.$1 


E/0 


S2, 


BP1 


BP2 


CTRL 

Fig.4 


10/30/2003, EAST Version: 1.4.1 


US 6,490,065 B2 


OPTICAL TRANSMISSION SYSTEM 


TECHNICAL FIELD 

This invention relates to a system for optically transmit- 5 
ting information from a subcenter over a plurality of optical 
transmission lines to a plurality of optical network units. 

BACKGROUND OF THE INVENTION 

10 

WO 95/05041 discloses a system for optically transmit- 
ting information from a subcenter to a plurality of optical 
network units via a plurality of optical transmission lines. 
The subcenter is connected to the optical network units by 
a passive optical distribution network consisting of optical 15 
transmission lines and an optical splitter. At the subcenter, a 
plurality of electric subcarrier signals are combined into a 
frequency-division multiplex signal and subsequently con- 
verted from electrical to optical form. The subcarrier signals 
are television signals, for example, which are destined for all 20 
optical network units, and telephone signals, each of which 
is destined for only one of the optical network units. For the 
telephone signals, unlike the television signals, only a small 
frequency range is reserved. If a multitude of customer 
locations are connected via the optical network units to the 25 
subcenter, this relatively small frequency range does not 
suffice to make available a sufficient number of channels for 
the multitude of customer locations. 

SUMMARY OF THE INVENTION ™ 


It is therefore an object of the invention to provide an 
optical transmission system which can transmit different 
information to a plurality of optical network units more 
flexibly. 

This object is attained by a system for optically transmit- 
ting information from a subcenter over a plurality of optical 
transmission lines to a plurality of optical network units, 
wherein the system comprises a plurality of nodes for 
optically transmitting further information and a plurality of 
optical couplers, and that the further information of each of 
the nodes is fed via a respective coupler into a transmission 
line connected to only part of the plurality of optical network 
units. The invention is characterized in that the system 
comprises a plurality of nodes for optically transmitting 
further information and a plurality of optical couplers, and 
that the further information of each of the nodes is fed via 
a respective coupler into a transmission line connected to 
only part of the plurality of optical network units. The 
combination of the information, for example television 
signals, and the further information, for example telephone 
signals, via the optical couplers and the division of the 
further information among those transmission lines which 
are connected to the respective optical network unit for 
which the respective further information is exclusively 
intended optimize the utilization of the available transmis- 
sion capacity. Furthermore, the expansion capability of the 
system is improved, since for each further optical network 
unit, for example, only one additional optical transmission 
and one optical splitter are needed. 


35 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more apparent from the fol- 
lowing description of three embodiments when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a schematic representation of a first optical 
transmission system according to the invention; 


FIG. 2 is a schematic representation of a second optical 
transmission system according to the invention; 

FIG. 3 is a schematic representation of a third optical 
transmission system according to the invention; and 

FIG. 4 is a schematic block diagram of a portion of the 
optical network unit of FIG. 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to FIG. 1, which shows a first embodiment of an 
optical transmission system SYS in accordance with the 
invention, the system SYS includes a subcenter HUB which 
is connected by a first optical transmission line to an optical 
network unit ONU1 and by a second optical transmission 
line to an optical network unit ONU2. From the subcenter, 
first information is transmitted to the optical network unit 
ONU1, and second information to the optical network unit 
ONU2. The first and second information may be identical, 
e.g., in the case of a distribution service, such as the 
distribution of television signals, or different, e.g., in the 
case of a data transmission. 

The system SYS further includes two nodes Kl, K2 for 
optically transmitting further information. The further infor- 
mation of the node Kl, e.g., telephone signals or data 
signals, is destined exclusively for tie optical network unit 
ONU1 and not for the optical network unit ONU2. 
Therefore, the further information of the node Kl is trans- 
mitted to the optical network unit ONU1 via a further 
transmission line and an optical coupler CI inserted in the 
first transmission line, and then, together with the informa- 
tion from the subcenter HUB, via a part of the first trans- 
mission line. 

The further information of the node K2, e.g., telephone 
signals or data signals, is destined exclusively for the optical 
network unit ONU2 and not for the optical network unit 
ONU1. Therefore, the further information of the node K2 is 
transmitted to the optical network unit ONU2 via a further 
transmission line and an optical coupler C2 inserted in the 
second transmission line and then, together with the infor- 
mation from the subcenter HUB, via a part of the second 
transmission line. 

Thus, the further information from the nodes Kl and K2 
is optically combined with the information from the sub- 
center HUB and fed to the optical network units ONU1 and 
ONU2, respectively, each of which is connected to a group 
of customer locations, for example. In this manner, groups 
of customer locations can be supplied at low cost both with 
broadcast information and with specific information des- 
tined exclusively for the respective group of customer 
locations, with optimum use being made of the existing 
transmission capacity. 

Referring to FIG. 2, which shows a second embodiment 
of an optical transmission system SYS in accordance with 
the invention, the system SYS includes a subcenter HUB 
which is connected to four optical network units ONU1, 
ONU2, ONU3, 0NU4 by a passive optical network con- 
sisting of optical transmission lines and three optical split- 
ters. The optical network unit ONU2 is connected to the 
subcenter HUB by two different paths. Through this 
redundancy, the optical network unit ONU2 receives the 
information from the subcenter HUB doubly and can select 
therefrom. The introduction of two different paths serves to 
ensure, inter alia, continued availability of a connection in 
the event of a failure. 

The system SYS further includes three nodes Kl, K2, K3 
for optically transmitting further information, particularly 
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information which is destined exclusively for one or two of transmission lines, such as glass fiber cables, and optical 

the four optical network units ONU1, ONU2, ONU3, splitters to a plurality of optical network units ONUln, of 

ONXJ4. which one is shown. In each optical network unit ONUln, 

The further information of the node Kl is destined for the foe received signals are converted from optical to electrical 
optical network units ONU1 and ONU2. It is transmitted to * form, and the electrical signals are then transmitted over 

these units via an additional optical transmission line and an coaxial cable to a group of customer locations END. The 

optical coupler CI which is inserted in the optical transmis- vidco signals are, for example, movies, educational pro- 

sion line connected via an optical splitter to the optical grams or the like which are selected by customers in an 

network units ONU1 and ONU2. interactive mode. 

The further information of the node K2 is destined for the 10 The customer location END has its own in-house 

optical network units ONU2 and ONU3. It is fed via an network, to which the customer has access and can connect 

additional optical transmission line and an optical coupler various terminals. The terminals are, for example, a com- 

C2 into the transmission line which is connected via an P uter p C, connected via a modem, and a television set TV, 

optical splitter to the optical network units ONU2 and a telephone TEL, and a fax machine FAX, which are 
ONU3. In this manner, the further information of the node 15 connected via a set-top box STB. 

K2 reaches both the optical network unit ONU2 and the The passive optical distribution network includes one l:m 

optical network unit ONU3. The further information of the optical splitter and m l:n optical splitters, for example, 

node Kl and the further information of the node K2 which where m and n are natural numbers, e.g., m=10, n<=10. Thus, 

is destined for the optical network unit ONU2 may be 100 optical network units ONUlo are connectable to the 
identical, which provides redundancy and ensures continued 20 subcenter HUB. 

availability of a connection in the event of a failure of a Each of the nodes Kl, . . . , Km is connected to the 
connection, or different, which results in increased trans- associated optical network units ONUln in two ways. Node 
mission capacity, for example twice the transmission capac- Kl, for example, is connected to the n optical network units 
ity when compared- with-the optical network units ONU1 ONUln via an additional optical transmission line and an 
and ONU2. The division of the available transmission optical coupler CI inserted in the first transmission line after 
channels among the optical network units ONU1, ONU2, the l:m splitter, and the optical network units ONUln are 
and ONU3 may also be dynamic, so that a division adapted connected to this first optical transmission line via a l:n 
to the traffic volume can be effected during operation. If the splitter. The further information of node Kl, e.g., television 
transmission capacity of node Kl is 10 Mb/s, for example, signals, thus reaches n optical network units ONUln. Con- 
then 6 Mb/s, for example, can be used for the optical nected to each optical network unit ONUln is a group of 
network unit ONU1, and 4 Mb/s for the optical network unit customer locations END. Each group consists of 20 cus- 
ONU2. If the transmission capacity of node K2 is also 10 tomer locations END, for example, so that 200 customer 
Mb/s, for example, then 6 Mb/s, for example, can be used for locations are connected to node Kl. Node Kl establishes 
the optical network unit ONU3, and 4 Mb/s for the optical telephone or video-telephone connections, for example, to 
network unit ONU2, so that a total of 8 Mb/s is available for these customer locations END. The transmission of infor- 
the optical network unit ONU2. mation from the customer locations END to the node Kl 
If the traffic volume changes, 5 Mb/s, for example, can be takes place via an additional passive optical distribution 
used for the optical network unit ONU1 via node Kl, and 5 network, for example a network with an n:l optical com- 
Mb/s for the optical network unit ONU2, and 5 Mb/s, for biner as shown in FIG. 3, or via n separate transmission lines 
example, can be used for the optical network unit ONU3 via which each connect one optical network unit ONUln 
node K2, and 5 Mb/s for the optical network unit ONU2, so directly to the node Kl. Depending on the transmission 
that a total of 10 Mb/s is available for the optical network capacity available in the backstream frequency band and on 
unit ONU2. the number of customer locations END, the additional 
The further information of node K3 is destined exclu- 45 passive optical distribution network may also be in a mixed 
sively for optical network unit ONU4. It is fed via an form consisting of a plurality of optical combiners and a 
additional optical transmission line and an optical coupler plurality of direct connections. The method used to access 
C3 into the transmission line which is connected directly to the customer locations END is CM DA (code division mul- 
optical network unit ONU4. tiple access). Nodes K2 to Km are connected to the associ- 
COblroVelnb^^ 50 ated °P ucal network units and the groups of customer 
explained with the aid of FIGS. 3 and 4. FIG. 3 shows an locations END in a manner similar to node Kl. The trans- 
mission of information takes place correspondingly. 

Each of the nodes Kl, . . . , Km is connected to the 
subcenter HUB by an optical or electric transmission line. 
55 They include means for separating the information received 
from the optical network units ONUln connected to them 
and means for routing part of the information received from 
the optical network units ONU to the subcenter HUB. The 
information from the optical network units ONUln contains 
60 interactive request signals and telephone signals, for 
example. The first means separates the request signals and 
the telephone signals; this can be done, for example, with 
electrical bandpass filters following an optical-to-electrical 
The signals to be transmittecTfrom tnTsubcenter HUB, conversion. The second means, e.g., an electrical-to-optical 
e.g., a cable television head end, are converted from elec- 65 transducer, passes the request signals on to the subcenter. 
trical to optical form at the subcenter and transmitted over a The nodes Kl, . . . , Km are connected, for example, to a 

passive optical distribution network consisting of optical telephone network NET, such as an integrated services 


optical transmission system SYS in accordance with the 
invention. The system SYS is a hybrid fiber/coax access 
system, for example, which serves to transmit analog and/or 
digital television and video signals from a subcenter HUB to 1 
a plurality of customer locations END as well as interactive 
request signals from the plurality of customer locations END 
to the subcenter HUB. Of the customer locations END, one 
is shown by way of example. The system SYS further serves 
to transmit data and/or telephone signals from a plurality of 
nodes Kl, . . . , Km to groups of customer locations END as 
well as tele phon e and/or data signals from groupsj>fjais- 
^t o me r" loca tions. EN^t^hTiro des Kl7~r^.^Km . _ 
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digital network (ISDN). Via each node Kl, . . . , Km, wherein the further information of each of the nodes 

telephone signals are transmitted from the ISDN to the (Kl, . . . , Km) is fed via a respective coupler (CI, C2) 

group of customer locations END and from at least one into the respective transmission line connected to only 

group of customer locations END into the ISDN. part of the plurality of optical network units (ONU), 

FIG. 4 shows a portion of the optical network unit ONUln 5 wherein at least one of the optical network units (ONU) 

of FIG. 3, namely a link which is used for transmitting is connected to the subcenter (HUB) by at least two 

information from the customer locations to the nodes. The different optical transmission paths containing different 

link serves to suppress interference and contains two optical couplers, thereby redundantly transmitting 

switches SI, S2, two bandpass filters BP1, BP2, a control information from the subcenter (HUB) to the at least 

unit CTRL, and an electrical-to-optical transducer E/O. 1Q one 0 f me optical network units, and 

Hie two switches SI, S2 serve to block or unblock at least wherein each of the plurality of optical couplers (CI, C2) 

part of the frequency band used to transmit information to fa bcatcd ^in onl one of ^ tical Emission 

the respective node Kl Km. If no transmission is to ^ from ^ su5center to te luralit of 

r?blockTd in frequency band, this part will Qptical nctwofk ^ (QNU) ^ ^ whcfcm ^ 

„ \ „„„ , . , , , J 15 information comprises information in addition to the 

The two bandpass filters BP1, BP2, which can be replaced infonnatfan from the subcenter (HUB), 

by diplexers or bandstop filters, serve to separate the f re- - . . /0 vro\ 1* j * 1 • 1 l * * j • 

i_ j j. * *. * c . .u *■ 2. A system (SYS) as claimed in claim 1. characterized in 
quency band used to transmit information to the respective ,„,,./•« 1 • /^*r,i\ 
node Kl, ... , Km. The bandpass filter BP1 blocks all mat * c P lundl ? °£°Ptical network umts (ONU) are con- 
frequencies except those for the interactive signals, for ntcic * t0 mc of nodes (Kl. . - - , Km) by further 
example. The bandpass filter BP2 blocks all frequencies 20 °P tlcal transmission lines. 

except those for the telephone signals, for example. 3 - Asystem (SYS) as claimed in claim 2, characterized in 

The control unit CTRL serves to detect the signal levels ^at the plurality of nodes (Kl, . . . , Km) are connected to 

in the separated frequency bands and to control the two ^ subcenter (HUB) and comprise means for separating the 

switches SI, S2. lb accomplish this, the control unit CTRL information received from the plurality of optical network 

includes an amplitude detector, for example, which detects 25 units (ONU) and means for routing part of the information 

the amplitudes of the interactive request signals and the received from the optical network units (ONU) to the 

telephone signals and compares them with an upper and a subcenter (HUB). 

lower threshold. 4. Asystem (SYS) as claimed in claim 3, characterized in 

The upper threshold is a maximum value which must not that the information to be transmitted by the plurality of 

be exceeded because otherwise errors will be caused on the 30 optical network units (ONU) consists of interactive request 

transmission line. The lower threshold is a minimum value signals and telephone signals, and that the interactive 

below which the amplitudes must not fall, since as a result request signals and the telephone signals are transmitted to 

of the attenuation on the transmission line, the signal is no the subcenter (HUB) and the telephone network (NET), 

longer detectable in the node. The two switches SI and S2 respectively. 

arc controlled in such a way that, if the respective signal 35 5< Asystem (SYS) as claimed in claim 1, characterized in 

level is below a preset minimum threshold or above a preset mat the subcenter (h UB ) is a cable television head end, that 

bf P tod blCSb0W ' reSpeCtiVe freqiiency band wiU be the information consists of television signals, and that the 

oc * , . , . „ , . cable television head end is connected to the plurality of 

In the electrical-to-opUcal transducer E/O which is tical netwofk ^ (ONTJ) via m tical ^^on 

implemented with a directly modulated laser diode, for ^ DetW ork with at least one optical spUtter. 

example, all signals in the frequency bands unblocked by the 6 Asystem (SYS) as claimed in claim 5, characterized in 

switches SI and S2 are converted from electrical to optical ^ ^ mformalion of lelep hone signals, 

form and subsequently transmitted to the associated node. ^ ^ pluraUty of nodes ^^^^ connectable to 

In the three embodiments, information is combined via a te i ep hone network (NET), that each of the plurality of 

optical couplers and transmitted over an optical transmission 45 optical QetW ork units (ONU) is connectable to a respective 

fine. The information transmitted by the subcenter HUB and group of cust0 mer locations (END), and that through each of 

the further information transmitted by the pluraUty of nodes ^ plasty of nodes (Kl, . . . , Km), telephone signals are 

Kl, . . . , Km can be transmitted on different wavelengths. transmitted to at least one group of customer locations 

This has the advantage that the possibility of interferences (END) 

occurring during the combination of the information is 50 7. Asystem (SYS) as claimed in claim 6, characterized in 

reduced. In addition, a greater frequency range is thus ^at the information to be transmitted by the pluraUty of 

available both for the subcenter HUB and for each indi- optical oetwork UQits ( 0 NU) consists of interactive request 

vidual node Kl, . . . , Km, so that a greater number of sigQaJs and lelepnone sigDajs? md that me interactive 

transmission channels is possible. request signa]s and ±t telephone signals are transmitted to 

What is claimed is: ss ^ subcenter (HUB) and the telephone network (NET), 

1. A system (SYS) for optically transmitting information respectively 

from a subcenter (HUB) over a plurality of optical trans- 8 As vstem ( S YS) as claimed in claim 6, characterized in 

mission Unes to a pluraUty of optical network units (ONU), ^ ^ order to interference, each of the plurality of 

the system (SYS) comprising: optical aetW ork units (ONU) comprises at least one switch 

a subcenter (HUB) connected to a plurality of optical 60 (si, S2) by means of which at least a subdivision of the 

transmission lines connected to a pluraUty of optical frequency band which serves to transmit information to the 

network units (ONU); respective node (Kl, . . . , Km) is blocked if no transmission 

a plurality of separate input nodes (Kl, . . . , Km) for is to take place in said subdivision of the frequency band. 

optically transmitting further information; and 9. Asystem (SYS) as claimed in claim 8, characterized in 

a plurality of optical couplers (CI, C2) each connected to 65 that each of the pluraUty of optical network units (ONU) 

one of the nodes (Kl, . . . , Km) and each located within comprises at least two means (BP1, BP2) for separating the 

a respective transmission Une, frequency band used to transmit information to the respec- 


10/30/2003, EAST Version: 1.4.1 


US 6,490,065 B2 


8 


tive node (Kl, . . . , Km) and a control unit (CTRL) for 
detecting tie signal levels in the separated frequency bands 
and for controlling the at least one switch (SI, S2), and that 
the at least one switch (SI, S2) is controlled in such a way 
that, if the respective signal level is below a preset lower 
threshold or above a preset upper threshold, the respective 
frequency band will be blocked 

10. A system (SYS) as claimed in claim 1, characterized 
in that the information transmitted by the subcenter (HUB) 
and the further information transmitted by the plurality of 
nodes (Kl, . . . , Km) are transmitted on different wave- 
lengths. 

11. A system (SYS) for optically transmitting information 
from a subcenter (HUB) over a plurality of optical trans- 
mission lines to a plurality of optical network units (ONU), 
the system (SYS) comprising: 

a subcenter (HUB) connected to a plurality of optical 
transmission tines connected to a plurality of optical 
network units (ONU); 

a plurality of separate input nodes (Kl, . . . , Km) for 
optically transmitting further information; and 

a plurality of optical couplers (CI, C2) each connected to 
one of the nodes (Kl, . . . , Km) and each located within 
a respective transmission line, 

wherein the further information of each of the nodes 
(Kl, . . . Km) is fed via a respective coupler (CI, C2) 
into the respective transmission line connected to only 
part of the plurality of optical network units (ONU), 

wherein the subcenter (HUB) is a cable television head 
end, the information consists of television signals, and 


10 


15 


20 


25 


the cable television head end is connected to the 
plurality of optical network units (ONE) via an optical 
distribution network with at least one optical splitter, 
wherein the further information consists of telephone 
signals, the plurality of nodes (Kl, . . . , Km) are 
connectable to a telephone network (NET), each of the 
plurality of optical network units (ONU) is connectable 
to a respective group of customer locations (END), and, 
through each of the plurality of nodes (Kl, . . . , Km), 
telephone signals are transmitted to at least one group 
of customer locations (END), and 
wherein in order to suppress interference, each of the 
plurality of optical network units (ONU) comprises at 
least one switch (SI, S2) by means of which at least a 
subdivision of the frequency band which serves to 
transmit information to the respective node (Kl, . . . , 
Km) is blocked if no transmission is to take place in 
said subdivision of the frequency band. 
12. A system (SYS) as claimed in claim 11, characterized 
in that each of the plurality of optical network units (ONU) 
comprises at least two means (BP1, BP2) for separating the 
frequency band used to transmit information to the respec- 
tive Dode (Kl, . . . , Km) and a control unit (CTRL) for 
detecting the signal levels in the separated frequency bands 
and for controlling the at least one switch (SI, S2), and that 
the at least one switch (SI, S2) is controlled in such a way 
that, if the respective signal level is below a preset lower 
threshold or above a preset upper threshold, the respective 
frequency band will be blocked. 
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